This article constructs alternative measures of education output for public elementary and secondary schools that account for differences in both instructional and noninstructional services provided to students with and without disabilities. 3 In what follows, I compare these heterogeneous education output measures with homogeneous measures, for all public elementary and secondary school students. I also construct labor productivity measures for public elementary and secondary schools, using only the homogeneous "all students" output measure, the composite "students with and without disabilities" output measure, and U.S. Bureau of Labor Statistics research data series on public school labor input.
• Assistive technologies and consultation and other services (deaf, hard-of-hearing, and vision-impaired students)
• Special-education instruction and occupational and physical therapy (students with physical disabilities)
• Special transportation services English language learners are offered a range of different instructional approaches that vary by state and school district. Among these approaches are the following:
• English-only instruction in English immersion programs
• English-as-a-second-language programs, which provide instruction primarily in English, accompanied by support for enhancing English language skills
• Transitional bilingual education, in which instruction is in the student's native language and part of the school day is used to develop English language skills
• Dual-language instruction, in which instruction is given in two languages to students in the same classroom by two teachers who team teach, one in each language 8 Students who come from families that are near or below the poverty level are provided with additional services through Title I, Part A, of the federal Elementary and Secondary Schools Act of 1965, most recently reauthorized by the Every Student Succeeds Act of 2015. 9 This legislation provides financial assistance to local education agencies (LEAs) and schools with high numbers or high percentages of children from low-income families, to help ensure that all children meet challenging state academic standards. Title I funds are offered in the form of grants to LEAs, 10 which then target the funds to schools with the highest percentages of children from lowincome families. Schools in which children from low-income families make up at least 40 percent of enrollment are eligible to use Title I funds for schoolwide programs (programs that serve all children in the school). Unless a school is operating a schoolwide program, the school must focus Title I services on children who are failing, or most at risk of failing, to meet state academic standards. 11 In addition to receiving Title I funds, students from families near or below the poverty level benefit from the National School Lunch Program, which provides free and reduced-price meals, school breakfasts, and, in some instances, summer meal programs to eligible students. 12 The public school system relies on state and local funding, supplemented by funds from federal programs, to provide educational services to all students. Because both instructional and noninstructional services vary according to the type of student, the cost of providing educational services differs for each category of student.
For example, educational services for a non-English language learner without a disability and from a family living above the poverty line are different in nature and cost from those for a student with a disability, an English language learner, or a student from a family living at or below the poverty line.
Ideally, to examine the importance of measuring the provision of different educational services to uniquely identified groups of students in capturing education output, each of the important student groups and associated services would be included in the output measure. Data on the number of students enrolled in public schools from each of these categories are readily available, and NAEP test scores of students in these groups have recently become available. However, adequate expenditure data on services provided to English language learners and low-income students are currently not available. 13 Consequently, this article focuses on the importance of distinguishing the educational services provided to students with and without disabilities.
The population of public school students with disabilities has increased from 11 percent of all students in 1990 to 13 percent in 2013. 14 At the same time, the percentage of public school students with disabilities who spend 80 percent or more of their time mainstreamed in a regular classroom increased from 33 percent in 1990 to 62 percent in 2013. 15 Another large group, English language learners, saw its numbers increase in all but 11 states.
The group grew from 5.0 percent of public school students in 1993 to 9.3 percent in 2013 and made up as much as 16.6 percent of public school students in large cities that year. 16 Future research may focus on the educational services provided to these students as well.
In what follows, I develop the underlying data and framework required for distinguishing educational services provided to students with and without disabilities and for capturing the impact on measured output of providing services to these two groups of students at differing costs. I also develop measures of noninstructional services, including special and regular transportation services and food services, that are explicitly incorporated into one output measure in order to examine the impact of accounting for these services separately.
Output measures
I begin by constructing three heterogeneous education output measures that I subsequently compare with three homogeneous "all students" education output measures. The homogeneous measures include the simple
based on unadjusted "all students" enrollment, and the quality-adjusted measure
based on "all students" enrollment, 17 where (  ,  ,  ) is the number of students enrolled in grades K-12 (grades K-4, 5-8, and 9-12); the superscript A indicates that the measure includes "all students"; the superscript q indicates that the output data were quality adjusted; is a weight based on a simple average of mathematics and reading LTT test scores for age 9; is a weight based on a simple average of mathematics and reading LTT test scores for age 13; and is a weight based on a simple average of mathematics and reading LTT test scores for age 17.
The third homogeneous output measure, includes transportation services and food services besides the aforementioned measures. Educational services are estimated as a physical volume measure based on public school student enrollment of students in grades K-12, quality adjusted with the use of NAEP LTT test scores.
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Transportation and food services for all students are explicitly included as separate noninstructional outputs.
Transportation services for "all students" are estimated by a physical count of elementary and secondary school students transported at public expense. 19 Food services for "all students" are estimated by a physical count of the number of school lunches served. 20 For each individual output measure underlying the "all students" output measure, shares of total expenditures are constructed from expenditure data from the National Public Education Financial Survey. 21 For the more inclusive output measure, education output is a weighted function of qualityadjusted educational services , transportation services , and food services , for all public school students-namely,
where w is the total expenditure share weight, E indicates educational services, T denotes transportation services, and F designates food services.
The three heterogeneous education output measures include a simple quantity measure, , based on expenditure-weighted public school enrollment of students with and without disabilities (ND = nondisability), unadjusted for quality change:
A second measure, , is based on expenditure-weighted public school enrollment of students with and without disabilities, quality adjusted with the use of NAEP LTT test scores, and is given by
where w is as before,
and = + + .
Note that, in general, is the number of students, where h denotes whether the student has (D) or does not have (ND) a disability and j-m indicates the grade range; and is a weight based on a simple average of mathematics and reading LTT test scores for students of status h at age 9 for grades K-4, age 13 for grades 5-8, and age 17 for grades 9-12.
The third heterogeneous measure of education output, , is a weighted function of quality-adjusted educational services for students with disabilities, quality-adjusted educational services for students without disabilities, special transportation services for students with disabilities who require such services, regular 6 transportation services for students with and without disabilities, and food services for all students, and is given
where Spec T indicates special transportation services and Reg T denotes regular transportation services. The weights w are total expenditure weights.
Educational services for students with and without disabilities are physical volume measures based on public school enrollment of those students, quality adjusted by means of NAEP LTT scores for the two student categories. Public school enrollment of students with disabilities is estimated from data on the percentage of children in prekindergarten through grade 12 who are served under IDEA, Part B, on the basis of total enrollment in public schools.
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I construct two measures of transportation services to account, respectively, for the more costly "special transportation" services for some students with disabilities and for the less costly "regular transportation"
services used by students who do not require special transportation. Using data on the total number of students transported and the percentage of students with disabilities who receive special and regular transportation services, I estimate the number of students with disabilities who receive special transportation services and the number of students (both those with and those without disabilities) who receive regular transportation services.
Along with estimating the number of students who receive special transportation services, I use data on total transportation expenditures and the per-pupil cost of transporting students with disabilities via special transportation services to develop an expenditure weight for special transportation services. Similarly, I develop an expenditure weight for regular transportation services, using data on total transportation expenditures and the per-pupil cost of providing regular transportation services. 23 I do not distinguish food services separately for students with and without disabilities, and I estimate such services by a physical count of the number of lunches served. Using data on the number of students ages 3-21 served under IDEA, I estimate public school enrollment of students with and without disabilities as a percentage of all public school enrollment. Data on the percentage of public school students enrolled are from the U.S. Department of Education, as published in the Digest of Education Statistics. 24 The NCES public school enrollment data on all students are split into the categories of 7 students without disabilities and students with disabilities on the basis of the percentage of the latter students 
Data

Public elementary and secondary school enrollment
Quality adjustment
For both the "all students" education output measures and the output measures for students with and without disabilities, I adjusted public school enrollment in each year with the use of NAEP LTT test score data. NAEP maintains two assessment programs: the Main NAEP Assessments, 26 which are revised about every decade to reflect changes in curriculum in the nation's schools, and the LTT Assessments, which have remained relatively unchanged since they were first administered in 1969. 27 Both of these assessment programs include public and private elementary and secondary schools, with data reported for all schools, public schools only, and private schools only. 28 To measure changes in the educational levels of students over time, LTT data are used. Because the framework underlying the Main NAEP Assessments is revamped approximately every decade to match changes in curriculum and instructional services, the length of time during which the Main NAEP Assessments can be used to make comparisons is reduced. 29 By comparison, the LTT Assessment has used "substantially the same assessments" since it was first administered in 1969. 30 The LTT Assessment originally covered reading, mathematics, writing, and science subjects. Writing and science, however, began to be transferred to the Main Assessment in 2004 and are no longer included in the LTT Assessment.
Until 1996, differences in the educational performance of students with specific educational needs were difficult to track. NAEP provided no testing accommodations for students with disabilities or for English language learners prior to that year. As a result, many of these students were excluded from NAEP testing, thus limiting the number who were available for testing. With the passage of the IDEA Amendments of 1997, NAEP prepared new guidelines for testing accommodations and for the inclusion of students with disabilities and English language learners in NAEP testing. 31 Beginning in 2004, NAEP published the long-term reading and mathematics test scores of students with disabilities, English language learners, and students approved for free and reduced-price lunches.
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The LTT reading and mathematics scores for "all students" ages 9, 13, and 17 in public schools are used to quality adjust the NCES elementary and secondary public school student enrollment data series for "all students." Reading test score data for public schools are available for 1980, 1984, 1988, 1990, 1992, 1994, 1996, 1999, 2004, 2008, and 2012 . Mathematics test score data for public schools are available for 1978, 1982, 1986, 1990, 1992, 1994, 1996, 1999, 2004, 2008, and 2012 . The test score data are interpolated between testing years to estimate scores for nontesting years. A ratio of the reading or mathematics test score to the perfect score for "all students" in public schools is computed for each year.
For public school quality-adjusted education output measures for "all students," public school student enrollment for grades K-4 is adjusted by averaging the mathematics and reading test score ratios for age 9 to get a single score for grades K-4. The resulting test score ratio series is multiplied by public school "all students" enrollment for grades K-4 to obtain a quality-adjusted education output measure for grades K-4. A similar procedure is followed to quality adjust output for students in grades 5-8 and 9-12, using LTT mathematics and reading test 8 scores for ages 13 and 17, respectively. The quality-adjusted enrollment data series for grades K-4, 5-8, and 9-12 are then summed to obtain a quality-adjusted "all students" elementary and secondary public school education output series for grades K-12.
For quality-adjusted education output measures for students with and without disabilities, public school enrollments are adjusted separately for the two groups with the use of the NAEP LTT reading and mathematics scores for students ages 9, 13, and 17 with and without disabilities. 33 test scores of students with disabilities at age 9 and reading test scores at ages 9, 13, and 17 had larger growth rates than corresponding scores of students without disabilities. This difference suggests a relatively faster pace of improvement in learning at later ages for students with disabilities than for students without disabilities. As is done for the "all students" group, ratios of the reading and mathematics test scores to the perfect score are computed each year for the group of students with disabilities and, separately, the group of students without disabilities, in order to quality adjust the enrollment of students with disabilities and students without disabilities and obtain appropriate output measures. For example, the estimated public school enrollment of students with disabilities who are in grades K-4 is adjusted by using a simple average of the reading and mathematics test score ratios for students with disabilities at age 9. The resulting test score ratio is then multiplied by the public school enrollment of students with disabilities who are in grades K-4, yielding a quality-adjusted education output measure for students in those grades. The procedure is repeated for grades 5-8 and 9-12, with the estimated public school enrollment of students with disabilities who are in grades 5-8 and 9-12 adjusted by using simple averages of the reading and mathematics test score ratios for ages 13 and 17, respectively. The resulting test score ratios are then multiplied by the public school enrollment of students with disabilities who are in grades 5-8 and 9-12, respectively, to obtain quality-adjusted education output measures for students with disabilities who are in those grades.
Finally, the quality-adjusted enrollment data series for grades K-4, 5-8, and 9-12 are totaled to obtain a qualityadjusted elementary and secondary public school education output series for students with disabilities who are in grades K-12. A similar procedure is followed for students without disabilities, using LTT test scores for the group "students without disabilities" to obtain a quality-adjusted elementary and secondary public school education output series for students without disabilities who are in grades K-12.
Transportation services
Data on transportation services for "all students" include data on the number of students transported at public expense and data on public school transportation expenditures. 34 However, our third heterogeneous education output measure for students with and without disabilities, described in equation (8), requires estimates of regular and special transportation services. Although all students without disabilities receive regular transportation services, only a portion of the population of students with disabilities receives special transportation services. Accordingly, data on the percentage of students who require special transportation, the per-pupil transportation expenditure for students who receive special transportation, and the per-pupil transportation expenditure for students who receive regular transportation are used to estimate separate transportation services for students with disabilities who require special transportation and for both students with disabilities and students without disabilities who require regular transportation. 35 Special transportation services are estimated as
where is the number of students with disabilities who are in public schools, is the percentage of students with disabilities who receive any transportation services (regular or special), and is the percentage of students with disabilities who receive transportation services and who require special transportation.
Transportation services for students who require regular transportation are estimated as the number of students without disabilities who receive regular transportation services plus the number of students with disabilities who receive regular transportation services. The number of students with disabilities who receive regular transportation services is estimated as
where is the number of students with disabilities who are in public schools and is the percentage of students with disabilities who require regular transportation services. The number of students without disabilities who receive regular transportation services is estimated on the basis of the equation
where TrExp denotes transportation expenditures, is the per-pupil cost of special transportation in public schools, is the per-pupil cost of regular transportation in public schools, is the number of public school students with disabilities who require special transportation, is the number of public school students without disabilities who require regular transportation, and is the number of public school students with disabilities who require regular transportation. Solving equation (11) for yields the number of students without disabilities who receive regular transportation services:
The number of students who require regular transportation is then computed by summing the number of students with disabilities who require regular transportation and the number of students without disabilities who require regular transportation:
Food services
Data on food services include the number of lunches served and total expenditures for food services. 36 To construct the separate composite output measure 37 for students with and without disabilities, 38 I use the ratio of students with disabilities to all students and the ratio of students without disabilities to all students to estimate the number of lunches served and expenditures on school lunches for, respectively, students with and students without disabilities. These ratios are then applied to school lunch data from the U.S. Department of Agriculture National School Lunch Program and the U.S. Department of Education to create separate estimates of the number of school lunches and the amount of expenditures for the two groups of students. While food services are assumed to be identical for students with and without disabilities, estimating the cost of food services provided to students with and without disabilities is necessary in order to construct separate expenditure weights for the various outputs, including educational services provided to students with and without disabilities, regular transportation services, and special transportation services.
Expenditures
I constructed expenditure share weights for each of the five individual output measures underlying the education output measure for students with and without disabilities. 39 For the purpose of constructing these weights, I use expenditures on educational services for students with disabilities to estimate a ratio of the average amount spent to educate a student with disabilities relative to the average amount spent to educate a student without disabilities. 40 For students with disabilities, special and regular transportation and food costs are subtracted from educational expenditures to calculate the expenditure weight for educational services. Expenditures for special transportation services for those students are calculated with the use of estimates of both the percentage of students with disabilities who require special transportation services and the higher cost of special transportation services. 41 Expenditures for regular transportation services for those students are estimated with the use of data on the percentage of students with disabilities who require regular transportation services and on expenditures for regular transportation services. Expenditures for food services are based on the same price per meal for students with and students without disabilities and are allocated to those two groups in proportion to their respective percentages within the public school student population.
Empirical results
Six alternative education output measures are presented. Three of the measures-, , and -are based on all public school students, and the other three measures-, , and -separately account for public school students with and without disabilities. Table 2 presents annual growth rates in enrollment of all students, students with disabilities, and students without disabilities in public elementary and secondary schools for 1981-2012. The annual growth rates in enrollment of public school students with and without disabilities tend to differ, correlating at a rate of just 0.67. During the 1990s, the high growth rates of public school students with disabilities relative to those without disabilities were the result of an overall increase in the growth rate of all public school students as well as large increases in the percentage of students identified as having specific learning disabilities. Students identified as having a disability under IDEA are categorized as having 1 of 13 types of disabilities. In 2009, the category into which most of these students (38 percent) fell was "students with a specific learning disability" 42 -a disorder in one or more of the basic psychological processes involved in understanding or in using language, spoken or written, that may manifest itself in an imperfect ability to listen, think, speak, read, write, spell, or do mathematical calculations. 43 In 2005, public school students with disabilities saw their numbers fall, in part owing to a decline in the percentage of students identified with specific learning disabilities.
Because 80 percent of students identified as having a learning disability are identified as such because they have difficulty learning to read, some experts attribute the decline in the number of public school students with disabilities to improvements in early reading intervention programs. 44 Others argue that states began formally identifying fewer students with specific learning disabilities in reaction to the imposition of penalties by "No Child
Left Behind" legislation for the failure of significant student subgroups to improve their test scores. By identifying fewer students with specific learning disabilities, these states could avoid creating a statistically reliable subgroup. The unadjusted homogeneous output measure for "all students" and the unadjusted heterogeneous output measure for students with and without disabilities for the 1989-2012 period fall below the respective qualityadjusted measures, as shown in figure 1. Explicitly accounting for differences in education between students with and without disabilities, on the one hand, and "all students," on the other, results in somewhat higher output on both an unadjusted and a quality-adjusted basis. Separately accounting for education, special and regular transportation, and food services results in slightly reduced output levels, a minor impact, as shown in figure 2.
Measuring output by first constructing separate output measures for students with and without disabilities and then aggregating to total output with the use of expenditure weights captures the effects of variation in qualityadjusted outputs for those two categories of students over time. As shown in figure 3, quality-adjusted output based on the composite output measure for students with and students without disabilities, , grew at a faster annual rate than the quality-adjusted "all students" output measure, , prior to 2005 and at a similar annual rate from 2005 to 2012.
For the 1989-2012 period, as shown in table 3, quality-adjusted output constructed by combining separate quality-adjusted output measures for students with and without disabilities and using expenditure share weights ( grew more quickly than quality-adjusted output based on all students. For the subperiod 1990-2000, growth in this composite measure was above that of the "all students" measure, ; for 2000-07, the average annual growth rates were similar, and for 2007-12, the composite measure grew slightly more slowly than the "all students" measure.
Source: U.S. Bureau of Labor Statistics.
As expected, the average annual growth rates of the quality-adjusted measures, and are greater than those of the unadjusted measures, and . The average annual growth rates of the "all students" measure with explicit transportation and food services, , are slightly below, but still close to, those of the qualityadjusted "all students" measures, again illustrating that explicitly including total transportation and food services in the "all students" output measure is of limited value. Similarly, the average annual growth rate of is very close to the quality-adjusted measure for the composite output measure for students with and without disabilities, . Accordingly, explicitly accounting for special and regular transportation services, as well as food services, with the measure has little impact. Measures of labor productivity, defined as output per unit of labor input, for public elementary and secondary schools and based on the quality-adjusted "all students" output measure and the quality-adjusted composite output measure for students with and without disabilities are presented in figure 4 . 46 Using the composite output measure for students with and without disabilities results in labor productivity indexes that are consistently greater than labor productivity based on the homogeneous "all students" output measure.
Labor productivity did not grow over the 1989-2012 period; in fact, it fell by -.024 percent, according to the composite output measure for students with and without disabilities, and by -.108 for the "all students" All these results suggest that it is important to include information on the diverse educational services provided to public elementary and secondary school students in the education output measure in order to generate a measure that reflects historical changes in the mix, cost, quality, and growth of these services over time. For both students with and students without disabilities, substantial differences in the education services provided and in the relative costs of those services exist. However, students with disabilities made up only 11-13 percent of all public school students over the 1990-2012 period. Accounting for diversity in education services and expenditures provided to other groups, such as English language learners, would capture additional changes in services over time. Improving national data, such as expenditure data, on education services for English language learners would facilitate future analysis and improvements to the education output measure for public elementary and secondary schools. 3 The article focuses on public elementary and secondary schools because of the limited data available on private schools. 4 See Susan G. Powers, "Measuring education output in elementary and secondary schools: first steps" (unpublished paper, December 8, 2011), which compares U.S. Census Bureau data on the enrollment of all students in public and private schools with NCES enrollment data in respect of constructing quality-adjusted measures of output in public and private elementary and secondary schools. This paper is available on request from the author.
5 Private schools also may provide schooling for these groups. However, the majority of such students attend public schools. 6 Examples of disabilities covered under the Individuals with Disabilities Education Act are mental retardation; hearing impairment; speech or language impairment; visual impairment; serious emotional disturbance; orthopedic impairment; autism; traumatic brain injury; other health impairments, including limited strength, vitality, or alertness due to chronic or acute health problems; specific 
